In previous investigations, it was found that four-sided polygonal light-like Wilson loops in ABJM theory calculated to two-loop order have the same form as the corresponding Wilson loop in N = 4 SYM at one-loop order. Here we study light-like polygonal Wilson loops with n cusps in planar three-dimensional Chern-Simons and ABJM theory to two loops. Remarkably, the result in ABJM theory precisely agrees with the corresponding Wilson loop in N = 4 SYM at one-loop order for arbitrary n. In particular, anomalous conformal Ward identites allow for a so-called remainder function of conformal cross ratios for n ≥ 6, which is found to be trivial at two loops in ABJM theory in the same way as it is trivial in N = 4 SYM at one-loop order. Furthermore, the result for arbitrary n obtained here, allows for a further investigation of a Wilson loop / amplitude duality in ABJM theory, for which non-trivial evidence was recently found by a calculation of four-point amplitudes that match the Wilson loop in ABJM theory.
I. INTRODUCTION
Our motivation to consider polygonal light-like Wilson loops in 3d Chern-Simons and N = 6 superconformal Chern-Simons (ABJM) theory [1] stems from the Wilson loop/scattering amplitude duality in N = 4 super YangMills.
In planar N = 4 super Yang-Mills n-particle MHV scattering amplitudes A 
The contour of the n-sided polygon C n is given by n points x i (i = 1, ..., n) which are related to the massless particle momenta via x i+1 − x i = p i . The segments of the contour are thus light-like, i.e. (x i − x i+1 ) 2 = p 2 i = 0. The relation between the Wilson loop and the scattering amplitude is given by ln M n = ln W n + const .
This duality was discovered in the dual AdS 5 × S 5 string picture at strong gauge coupling in [2] and shown to exist also in the weak coupling regime [3] [4] [5] with profound consequences on the symmetries of these correlators leading to a dual superconformal [6] respectively Yangian symmetry [7] of scattering amplitudes, for reviews see [8, 9] . For a rieview of AdS/CFT integrability see [10] . It was found that the expectation value of the Wilson loop in N = 4 super Yang-Mills is governed by an anomalous conformal Ward identity that completely fixes * konstantin.wiegandt@physik.hu-berlin.de its form at 4 and 5 points and allows for an arbitrary function of conformal invariants starting from 6 points. This so-called remainder function R n is indeed present starting from 6 points and leads to a correction [11] , [12] of the BDS ansatz [13] for planar gluon scattering amplitudes.
Recently, the duality has been extended to amplitudes with arbitrary helicity states by introducing a suitable supersymmetric Wilson loop [14, 15] .
Furthermore, a duality between light-like Wilson loops with n cusps and n-point correlation functions of half-BPS protected operators in the limit where the positions of adjacent operators become light-like separated was established in [16] [17] [18] [19] [20] .
From the string perspective the scattering amplitude/Wilson loop duality in the AdS 5 /CF T 4 system arises from a combination of bosonic and fermionic Tdualities under which the free AdS 5 × S 5 superstring is self-dual [21, 22] . Hence, for the existence of an analogue duality in ABJM theory one would require a similar selfduality of the AdS 4 × CP 3 superstring under the combined T-dualities. The problem was analysed in [23] [24] [25] [26] [27] [28] but no T-self-duality could be established so far.
At tree-level, recent developments have uncovered Yangian and dual superconformal symmetry of the amplitudes in ABJM theory [29] [30] [31] [32] [33] . In [34] a vanishing result for the four-point one-loop amplitudes in ABJM theory was found and the authors speculated whether the twoloop scattering amplitudes in N = 6 Chern-Simons could be simply related to the one-loop N = 4 Yang-Mills amplitudes.
In [35] we calculated the expectation value of the Wilson loop operator (1) in the planar limit for light-like polygonal contours C n in pure Chern-Simons and ABJM theory.
Conformal Ward identities force W n 1-loop to depend only on conformally invariant cross ratios of the (x i − x j ) 2 . At one-loop order in pure Chern-Simons and ABJM theory we found that the correlators with four and six cusps vanish, leading to the conclusion that the allowed function of conformal cross ratios is trivial at six points. We thus conjectured the n-point correlator to vanish
which was indeed proven in [36] and also non-trivial evidence for a duality between Wilson loops and correlators in ABJM theory was found at one-loop level. Furthermore, we computed the tetragonal Wilson loop W 4 at two-loop order in pure Chern-Simons and ABJM theory. Remarkably, the result in dimensional reduction regularisation with d = 3 − 2ǫ for the correlator in ABJM theory is of the same functional form as the one-loop result in N = 4 super Yang-Mills theory. Most interestingly, it was recently found by two independent approaches, using generalized unitarity methods in [37] and by a direct superspace Feynman diagram calculation in [38] , that the two-loop result for four-point scattering amplitudes in ABJM theory agrees with the Wilson loop
upon a specific identification of the regularisation scales [37, 38] . This establishes the first non-trivial example for a Wilson loop / amplitude duality of the form (2) in ABJM theory. Very recently, these result were extended to the more general case of ABJ theory in [39] .
In light of these recent findings on structural similarities between observables in N = 4 super Yang-Mills and ABJM theory, it is natural to ask, whether the duality between Wilson loops and amplitudes in ABJM theory continues to hold beyond n = 4, as it does in N = 4.
In this work we perform numerical computations to extend our findings of [35] to the n-sided Wilson loop at two-loop order. Remarkably, we find that the hexagonal Wilson loop at two loops agrees with the corresponding Wilson loop in N = 4 super Yang-Mills.
We perform a detailed numerical analysis for the hexagonal Wilson loop leading to a guess for the n-point case, which we numerically check also for n > 6 in a limited set of kinematical points. Again we find, that the result agrees with the result for the Wilson loop in N = 4 super Yang-Mills. It is thus natural to expect the result to hold for all n
γE , r n is a constant that depends linearly on n and is specified below (19) and where the finite contribution F WL n is given by the finite part of the Wilson loop in N = 4 SYM, which up to a constant 1 is the
finite part in the BDS conjecture [13] , i.e. for n = 4 and n = 6
.
Thus, the Wilson loop in ABJM theory at two-loop order precisely agrees with the form of the Wilson loop or, via the amplitude / Wilson loop duality, with the n-point MHV amplitudes at one loop in N = 4 super Yang-Mills.
It would be very interesting to establish a six-point amplitude calculation in order to see whether the duality relation (2) in ABJM theory also holds at six points. Furthermore, it would be interesting to perform a four-point amplitude or Wilson loop computation at four loops, to check whether the conjectured BDS-like ansatz [38] for the four-point amplitude in ABJM indeed holds.
The relations between Wilson loops, amplitudes and correlators seem to hold not only in the special case of the maximally supersymmetric N = 4 SYM theory but also in ABJM theory. Since the duality may thus not just be a particular feature of N = 4 SYM, it remains an important task to understand the precise origin of the similarity of these different observables in quantum field theory.
II. N-SIDED WILSON LOOPS IN CS THEORY
The solution of the Ward identity [35] for the lightlike polygonal Wilson loop in pure Chern-Simons theory reads
whereμ 2 = µ 2 πe γE and g n is a function that depends only on conformally invariant cross ratios
cb ) which can be constructed starting from n = 6.
At two loops there are two types of contributions to the Wilson loop in pure Chern-Simons theory, one from two-gluon diagrams W n two-gluon = I ijkl and another one from diagrams involving a three-gluon vertex
The indices i, j, k, l denote the edges that the propagators attach to, see figure 1 and their expressions are given in appendix A 1, A 2. Contributions from gauge-and ghostloops cancel in dimensional reduction regularisation [40] , for more details see [35] . As explained in [35] , the vertex diagrams are divergent in the region of integration where all three propagators approach the same edge (all diagrams with more than one propagator on the same edge vanish identically due to the antisymmetry of the Levi-Civita symbol), and we split them up as in (A8)
The divergent part can be calculated analytically
Thus, the function g n in (7) is given by
We evaluate these contributions using a Mathematica program that generates all n-point diagrams, performs the index-contractions and numerically integrates the diagrams for randomly generated kinematical configurations, for more details see appendix A.
Hexagonal Wilson loop
For the hexagonal Wilson loop we evaluated the contributions in (10) for a large set of conformally equivalent and conformally non-equivalent kinematical configurations.
Conformally equivalent configurations must yield the same result, since, by the anomalous conformal Ward identity, the expectation value is constrained to the form (7), and thus the function g n depends only on conformally invariant quantities.
It turns out, that even for kinematical configurations which are not conformally equivalent, the unknown func- 
In figure 2 we show the results for the two-gluon and vertex contributions for a continuously deformed kinematical configuration, generated as explained in app. A 3, in order to illustrate, how the different contributions vary while their sum remains constant.
Generalization to n Cusps
It turns out that also for n > 6 the function of conformal cross ratios is just a constant, i.e.
In figure 3 we show the dependence of the numerical constant c n on the number of cusps n up to n = 14. Clearly, the constant depends linearly on the number of cusps n. It seems reasonable to assume that this dependence holds for all n, i.e.
which is the line shown in fig. 3 with the parameters 3 a = 6.6 ± 0.1, b = −2.028 ± 0.025. Thus, we expect the Chern-Simons contribution to the n-point Wilson loop to 2 The analytical term with ln(2) in (11), (12) arises from the multiplication of the analytically known divergent term with an O(ǫ) expansion of the prefactor, see (A6). 3 We determine the constants in (13) from the results at n = 4 and n = 6, since here we have the smallest number of integrals and thus the best numerical result. At n-points we have to evaluate 2
two-gluon (A4) and vertex integrals (A10).
where g n is the constant given by (12) and (13). 
III. ABJM THEORY
In ABJM theory we have two gauge fields A µ ,Â µ and use the Wilson loop operator proposed in [41] , which is a linear combination of two Wilson loops, each with one of the gauge fields, see also [35] . The one-loop contributions are identical to pure Chern Simons theory and cancel each other 4 . Both two-loop contributions yield the same result and thus, it is sufficient to calculate the Wilson loop with the gauge field A µ . In addition to the Chern-Simons contributions (14) we have contributions of bosonic and fermionic matter fields which appear in the one-loop corrected gluon-propagator
The matter contribution is similar to the one in N = 4 SYM [4] , since the one-loop corrected propagator calcu-
which up to two small differences is the tree level N = 4 SYM gluon propagator. The first difference is a trivial prefactor, and the second is that since we are at two 4 They are also zero seperately, as explained above. 5 We drop the derivative term, it would not contribute to the gauge-invariant Wilson loop as explained in [35] . loops, the power of 1/x 2 is 1 − 2ǫ here, as opposed to 1 − ǫ in the one-loop computation in N = 4 SYM. Thus, it is clear that the results will be very similar to the expectation value of the Wilson loop in N = 4 SYM.
As in N = 4 SYM we have three classes of diagrams shown in figure 4 . Diagram 4(a) vanishes due to the lightlikeness of the edges, whereas 4(b) yields a divergent, and 4(c) yields a finite contribution.
We have [35] W n
There are n divergent diagrams I i+1,i of the type shown in fig. 4 (b)
and the finite diagrams I ij with |i − j| ≥ 1, see fig. 4 (c), were solved in [4]
The sum over all finite diagrams
WL n is related to the well-known finite part of the BDS conjecture [13] 
, explicitly spelled out in (6) for n = 4 and n = 6. Then, the full matter part reads
where we have restored the regularisation scale µ. Taking into account the Chern-Simons result (14) , the full result in ABJM theory can be written as
where r n = −( n 4 π 2 + c n − 2n ln(2) − 5n ln 2 (2))/4 and c n is the numerical constant given by (13) .
Indeed, this is of the same form as the one-loop result for the Wilson loop in N = 4 SYM.
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Appendix A: Two Loop Diagrams
We use the same conventions as in [35] , i.e. the metric with η µν = diag(1, −1, −1) and we define an n-sided polygon by n points x i (i = 1, ..., n), with the edge i being the line connecting x i and x i+1 . Defining We use the Lagrangian of ABJM theory given in [35] .
Two Gluon Diagrams
The contributions from the two-gluon diagrams are all finite and can be written as, see [35] ,
where
and the integration boundaries haven to be chosen according to the path ordering, such that z(
. The diagram vanishes due to the epsilon tensor contractions if the gluon propagator of at least one of the index pairs connects the same or adjacent edges. As a check of the numerics one can use the factorizing diagrams I i+5,i+3,i+2,i , which are just a product of the analytically known one-loop diagrams [36] .
Vertex Diagrams
The contribution from the vertex diagrams is calculated in the same way as in [35] , but generalized to n points and we find
The indices i, j, k indicate the edges the gluonpropagators connect to and
Integrals with at least two propagators on the same edge (two identical indices i, j, k) vanish due to the antisymmetry of I ijk in the indices. Integrals I (a) ijk of the type [35] , all other integrals are finite. The divergent integrals can be split up into a divergent and a finite piece
where the divergent piece can be evaluated analytically and reads
2ǫ .
(A9) The reamining finite piece is + g) .
These are the expressions we use for the numerical evaluation of the finite parts of the divergent diagrams.
Generation of kinematical configurations
A set of n light-like (p 
